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Abstract
Introduction—Elucidating the microbial ecology of endodontic infections (EI) is a necessary 
step in developing effective intra-canal antimicrobials. The aim of the present study was to 
investigate the bacterial composition of symptomatic and asymptomatic primary and persistent 
infections in a Greek population, using high throughput sequencing methods.
Methods—16S amplicon pyrosequencing of 48 root canal bacterial samples was conducted and 
sequencing data were analyzed using an oral microbiome-specific (HOMD) and a generic 
(Greengenes; GG) database. Bacterial abundance and diversity were examined by EI type 
(primary or persistent) and statistical analysis was performed by using non-parametric and 
parametric tests accounting for clustered data.
Results—Bacteroidetes was the most abundant phylum in both infection groups. Significant, 
albeit weak associations of bacterial diversity were found, as measured by UniFrac distances with 
infection type (ANOSIM R=0.087, P=0.005) and symptoms (ANOSIM R=0.055, P=0.047). 
Persistent infections were significantly enriched for Proteobacteria and Tenericutes as compared to 
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primary ones; at the genus level, significant differences were noted for 14 taxa, including 
increased enrichment of persistent infections for Lactobacillus, Streptococcus, and Sphingomonas. 
More but less-abundant phyla were identified using the GG database; among those, Cyanobacteria 
(0.018%) and Acidobacteria (0.007%) were significantly enriched among persistent infections. 
Persistent infections showed higher Phylogenetic Diversity (asymptomatic: PD=9.2, [standard 
error (se)=1.3]; symptomatic: PD=8.2, se=0.7) compared to primary infections (asymptomatic: 
PD=5.9, se=0.8; symptomatic: PD=7.4 se=1.0).
Conclusions—The present study revealed a high bacterial diversity of EI and suggests that 
persistent infections may have more diverse bacterial communities than primary infections.
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Primary endodontic infection; persistent infection; bacterial diversity; pyrosequencing; oral 
microbiome
Endodontic infections have been linked to the commensal oral microbiota, which colonize 
and proliferate in the root canal system as a consequence of pulp necrosis secondary to 
caries, tooth trauma, defective restorations (1), or due to a failed endodontic treatment (2). A 
thorough understanding of the microbial etiology and characteristics of endodontic 
infections is a necessary step in developing effective intra-canal antimicrobial protocols. 
Nevertheless, the exploration and identification of endodontic pathogens remains one of the 
most challenging aspects in endodontic microbiology, with the majority of bacteria still 
unknown or uncultivated (3). Broad-range PCR followed by cloning and Sanger sequencing 
as well as molecular fingerprinting techniques such as denaturing gradient gel 
electrophoresis (DGGE) and terminal restriction fragment length polymorphism analysis (T-
RFLP) have offered initial insights into the bacterial diversity of the infected root canal 
system (4,5). Nevertheless, despite their high sensitivity, these methods can detect only the 
most prevalent bacterial community members.
The development and application of molecular biology methods has facilitated the 
identification and linkage of specific bacterial species with periradicular disease and thus 
have led to the discovery of novel endodontic pathogens (3). Next-generation sequencing is 
now part of the toolbox available for 16S rRNA-based bacterial diversity analyses (6). The 
technology enables a large number of reads in a single run, providing increased sampling 
depth compared to other techniques (7) and has the major advantage of enabling the 
detection of low-abundant genera (7,8). So far, only eight studies have used this approach to 
investigate different types of endodontic infections (7,9–15). From those, only two 
investigations have examined the endodontic microbiome in teeth with failed endodontic 
treatment (14,15). Even though these persistent infections present an important clinical 
problem, there is a knowledge gap in their microbial etiology, especially regarding the low-
abundant bacteria. Accumulating evidence indicates substantial heterogeneity in the 
microbiology of endodontic infections among geographically diverse populations (16–18). It 
is unclear whether this heterogeneity is a manifestation of random variation or a reflection of 
genetic or environmental differences between different populations; nevertheless, it 
reinforces the importance of examining the endodontic infection microbiome among diverse 
populations, as this may open the door for possible optimization of intracanal antimicrobial 
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protocols at a population- or individual level. The aim of the present study was to investigate 
the composition and diversity of bacterial population inhabiting both symptomatic and 
asymptomatic primary and persistent endodontic infections in a Greek population by using 
16S amplicon pyrosequencing.
Materials and Methods
Participants’ recruitment and tooth selection
Participants were recruited from a private endodontic clinic in Athens, Greece, between 
January and June 2013. The study protocol was approved by the Ethics Committee of 
Athens University School of Dentistry, and a written informed consent was obtained from 
all study participants. Forty four adult patients aged 23 to 65 years comprised the study 
sample. A complete medical and dental history was obtained at the initial study visit. None 
of them had severe systemic illnesses, need for antimicrobial prophylaxis prior to treatment, 
or received antibiotic treatment during the three months preceding the initial examination. 
Teeth were excluded if they were cracked, the pulp chamber was exposed to the oral cavity, 
had periodontal pockets >4 mm and/ or had prosthodontic restorations.
The selected teeth had either a non-vital pulp or were endodontically treated at least 4 years 
previously. Radiographically, a periapical lesion was always present. Clinical signs and 
symptoms such as spontaneous pain or pain during mastication, tenderness to percussion, 
pain to palpation, mobility, presence of a sinus tract, and presence of localized or diffuse 
swelling were recorded.
A total of 48 teeth comprised the final sample and were classified in 4 groups according to 
their primary or secondary EI status and the presence of symptoms. The first 2 groups 
(primary EI) included 24 single or multi-rooted teeth, all with necrotic pulps (confirmed by 
cold and electric pulp sensibility tests) and radiographic evidence of apical periodontitis, 
characterized by bone destruction around the root apex. Thirteen teeth were diagnosed with 
acute apical periodontitis or acute apical abscess and thus were classified as symptomatic, 
whereas the remaining 11 teeth were diagnosed with chronic apical periodontitis and were 
classified as asymptomatic. Five of the 11 asymptomatic teeth had a preoperative sinus tract. 
Symptomatic patients were defined as those with spontaneous pain or moderate to severe 
pain to percussion or palpation of the involved tooth and/or had swelling. The remaining 2 
groups (persistent EI) also included 24 single or multi-rooted endodontically-treated teeth 
with radiographic evidence of apical periodontitis. Thirteen teeth were diagnosed with 
clinical symptoms whereas the remaining 11 teeth were asymptomatic. Radiographic 
appearance of most endodontic treatments among the persistent infection group (79%) was 
of poor quality. In the majority of cases, termini of root canal fillings were 3–6mm short of 
the radiographic apex. In these cases, the root fillings were poorly compacted with no 
enlargement of the apical third of the canal. Nevertheless, all teeth showed intact coronal 
restorations with no direct exposure of the filling material to the oral cavity.
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Microbiome sample collection and DNA isolation
Root canal microbial samples were obtained from each tooth by the first author (GT), an 
experienced endodontist. Strict aseptic conditions were maintained throughout the 
endodontic sampling procedure according to a protocol previously described by Siqueira and 
colleagues (19). Briefly, each tooth was initially cleansed with pumice and isolated with a 
rubber dam. The tooth and the surrounding field was then cleansed with 3% hydrogen 
peroxide and decontaminated with a 2.5% sodium hypochlorite (NaOCl) solution. 
Endodontic access was completed with a sterile high-speed carbide bur. After access 
completion and caries removal, the tooth, clamp and adjacent rubber dam were again 
disinfected with 2.5% NaOCl; 5% sodium thiosulfate was used for NaOCl inactivation. A 
small amount of sterile saline solution was introduced into the root canal by a 27G syringe 
(27G) (Ultradent, South Jordan, UT, USA), and the canal walls were filed as follows: 
initially, a K file No 10 (Dentsply Maillefer, Balaigues, Switzerland) was used to ensure 
apical patency with the aid of an electronic apex locator (Root-ZX, Morita, USA). Coronal 
pre-flaring was performed with SX ProTaper instrument (DentsplyMaillefer, Balaigues, 
Switzerland). A K-file No 15 was then introduced to the working length determined by 
using again electronic apex locator and a gentle filing motion was applied with files No 20, 
No 25 and No 30. Root canal irrigation with sterile saline solution was performed before 
sample collection. Subsequently, the root canal contents were absorbed into a minimum of 4 
paper points. Each paper point was kept into the canal for at least 30 seconds. In multi-
rooted teeth with more than one periradicular lesion, samples were taken from all root canals 
associated with apical periodontitis. The endodontic files with the handle cut off and the 
paper points were transferred to cryotubes containing TE buffer (10 mM Tris-HCl, 0.1mM 
EDTA, pH 7.6) and immediately frozen at −20°C.
In teeth with persistent EI, the coronal gutta-percha was removed using sterile Gates-
Glidden burs (Dentsply Maillefer, Ballaigues, Switzerland) and the apical filling material 
was retrieved with K-type or Hedstrom files without use of chemical solvents. 
Instrumentation and sample collection was made as already described. When possible, 
filling material retrieved from the root canals was transferred to the TE buffer-containing 
cryotubes.
Total genomic DNA was extracted from root canal samples using the DNeasy Blood and 
Tissue Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s instructions. A 
step of pre-incubation with lysozyme for 30 min was introduced to the protocol to ensure 
optimal DNA yield from Gram-positive bacteria. Before microbiome analysis, total DNA 
samples, including control samples obtained to verify the sterility of the working field, were 
quantified using the NanoDrop 2000 UV-Vis spectrophotometer at 260nm (Thermo Fisher 
Scientific Inc. Waltham, MA, USA).
16S amplicon pyrosequencing
Amplification of the hypervariable V1–V2 region of the bacterial 16S rRNA was performed 
on total DNA from 48 collected samples as previously described (20). Master mixes for 
PCR reactions contained the Qiagen Hotstar Hi-Fidelity Polymerase Kit (Qiagen, Valencia 
CA) with a forward primer composed of the Roche Titanium Fusion Primer A (5’-
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CCATCTCATCCCTGCGTGTCTCCGACTCAG-3’), a 10bp Multiplex Identifier (MID) 
sequence (Roche, Indianapolis, IN), unique to each sample, and the universal bacterial 
primer 8F (5'-AGAGTTTGATCCTGGCTCAG-3') (21). The reverse primer was composed 
of the Roche Titanium Primer B (5’-CCTATCCCCTGTGTGCCTTGGCAGTCTCAG -3’), 
the identical 10bp MID sequence as the forward primer, and the reverse bacterial primer 
338R (5’-GCTGCCTCCCGTAGGAGT-3’) (22). The barcoded 16S rDNA amplicons 
(330nt) were pooled and sequenced on a 454 Genome Sequencer FLX Titanium instrument 
(Roche, Indianapolis, IN) in the Microbiome Core Facility (University of North Carolina, 
Chapel Hill, NC), using the GS FLX Titanium XLR70 sequencing reagents and protocols 
indicated by the manufacturer. Initial data analysis, base pair calling, and sequence trimming 
were performed by Research Computing at the University of North Carolina at Chapel Hill.
Sequencing data analysis
Bioinformatics analysis of bacterial 16S amplicon pyrosequencing data was carried out 
using the Quantitative Insights into Microbial Ecology (QIIME) software pipeline (23). 
Generated sequencing data plus metadata were de-multiplexed, filtered for quality control 
(sequences shorter than 150nt were discarded), and de-noised using Denoiser in QIIME 
(24). Sequences were aligned and clustered into Operational Taxonomic Units (OTUs) using 
UCLUST (25), and the Human Oral Microbiome Database (HOMD; http://
database.oxfordjournals.org/cgi/content/full/2010/0/baq013) was used for taxonomy 
assignment of OTUs. After taxonomic assignment, sequences were aligned and phylogenetic 
trees were built (26). Rarefaction analyses were performed using a random selection of 
2,500 sequences from each sample to ensure an even sampling depth (Fig. 1A). Alpha 
diversity estimates were calculated on rarefied OTU tables to determine Species richness 
(S), Shannon, Chao1, and Phylogenetic Diversity (PD) metrics. Beta diversity estimates 
were calculated within QIIME using weighted and unweighted UniFrac distances (27) 
between samples. To identify bacteria potentially not covered by HOMD, we used a second, 
generic database (Greengenes) (28) and a 4,218 sampling depth (Fig. 1B) and compared our 
findings using the 2 databases.
Statistical analysis
Summary and descriptive statistics [mean, median, range, standard error, and 95% 
confidence intervals (CI)] were generated for all samples and according to the 4 groups of 
interest (i.e., combinations of primary vs. secondary infections and symptomatic vs. 
asymptomatic teeth) and presented using tabular and graphical means. Bacterial abundance 
(proportion of microbiome) and detection (proportion of samples positive) of phyla and 
genera overall, and across groups was examined using Wilcoxon’s rank-sum and Fisher’s 
Exact tests, using a conventional P<0.05 statistical significance threshold. Differences in 
bacterial diversity [Phylogenetic diversity (PD), observed species, Chao1, and Shannon 
indices] between the 4 EI groups were tested using a mixed-effects linear regression model, 
accounting for clustering of observations within samples and individuals, and applied a 
Bonferroni multiple-testing correction to account for multiple pairwise comparisons. To 
formally test between-group differences in microbial communities Analyses of Similarity 
(ANOSIM, n=10,000 permutations) were employed to calculate R and P values using the 
phylogeny-based unweighted UniFrac distance metric. Differences in bacterial community 
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structures is reflected by high (closer to 1) R and low (less than 0.05) P values. Stata 13.1 
(StataCorp LP, College Station, TX) was used for statistical analyses and generation of 
figures.
Results
The study sample comprised 44 participants (mean age=43 years; 50% female) and 48 teeth 
with EI (Table 1). A total of 406,070 sequences were obtained from the 48 samples after 
quality filtering and de-noising corresponding to 8,460 reads per sample (range: 2,500–
19,024). A total of 339 Operational Taxonomic Units (OTUs) were assigned to 11 phyla, 60 
families, and 109 genera. Phyla with a representation of 0.5% or higher (relative abundance) 
are presented in Figure 2: Bacteroidetes (36.2%), Firmicutes (32.9%), Actinobacteria 
(8.1%), Synergistetes (7.4%), Fusobacteria (7.4%), Proteobacteria (5.2%), Spirochaetes 
(1.9%), and Tenericutes (0.5%). Identified phyla are presented in Table 2. Persistent 
infections were significantly enriched for Proteobacteria (6.4% vs. 4.0%; P=0.02) and 
Tenericutes (1.0% vs. <0.05%; P=0.03) compared to primary ones. Tenericutes were 
detected in 42% of persistent infections versus 12% of primary infections (P<0.05). Using 
the GG database, 18 additional less-abundant phyla were identified, all at less than 0.2% 
abundance. Among those, Cyanobacteria (0.018%) and Acidobacteria (0.007%) were the 
most abundant, and were significantly enriched among persistent infections: Cyanobacteria 
were detected in 67% of samples with an abundance of 0.3%; Acidobacteria were detected 
in 42% of samples with an abundance of 0.1%.
At the genus level, Bacteroidaceae_unclassified, Pyramidobacter, and Parvimonas were the 
most abundant in primary infections whereas Fusobacterium, Bacteroidaceae_unclassified, 
and Prevotella were the most abundant in teeth with persistent infections (Table 3). 
Significant differences were observed for 14 taxa (Figure 3), including increased enrichment 
of persistent infections for Lactobacillus, Streptococcus, Sphingomonas and Ralstonia 
(Table 3). In primary infections, symptomatic ones were more diverse that the asymptomatic 
ones; in persistent infections the opposite was found. Persistent infections showed higher 
Phylogenetic Diversity compared to primary infections (Table 4 and Figure 4).
ANOSIM indicated statistically significant, albeit weak associations of infection type 
(R=0.087, P=0.005), symptoms (R=0.055, P=0.047), and combined strata (R=0.093, 
P=0.007) with UniFrac-assessed bacterial community composition.
Using the GG database, in primary infections, a total of 24 phyla and 280 genera were 
identified, whereas these numbers were 28 and 347, respectively in persistent infections. In 
primary infections, we identified on average 10 phyla, 50 genera, and 112 species-level 
phylotypes per sample, whereas these numbers were higher (12 phyla, 80 genera, and 162 
species-level phylotypes) in teeth with persistent infections. ANOSIM indicated statistically 
significant but small-in-magnitude association (R=0.115, P=0.004) of bacterial composition 
and infection type according to GG database. Finally, bacteria classified as Elusimicrobia, 
OP3, OP8, Planctomycetes and WS5 were not detected in primarily infected canals whereas 
Gemmatimonadetes was the only phylum that was not found in endodontically-treated teeth 
with persistent infections. Several additional genera were detected using the GG database. 
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Candidatus solibacter, Sharpea, Methylobacterium, Novosphingobium, and 
Jathinobacterium were the most abundant in this group.
Discussion
The present study investigated the bacterial diversity of primary and persistent endodontic 
infections in teeth with and without symptoms. To our knowledge, only three previous 
studies have explored the bacterial diversity of persistent infections using high throughput 
sequencing methods (14,15,29). The first was restricted to primary and persistent chronic 
asymptomatic cases (14), the second examined only persistent infections in asymptomatic 
and symptomatic teeth (15) whereas the third included a small number of samples with a 
secondary/persistent infection (29). Thus, this study is the first investigation of primary and 
persistent infections in both symptomatic and asymptomatic teeth. This is also the first 
pyrosequencing study contrasting results from two databases, HOMD and Greengenes.
In the present study, the paper point sampling technique was used because the examined 
teeth were to be retained in the oral cavity. Of the 8 pyrosequencing studies performed so 
far, 5 used the same technique for root canal sampling (7,10,13–15). The other three 
obtained samples either from periapical lesions after apical surgery (12), or cryo-pulverized 
root segments after teeth extraction (9,11). Obtaining cryo-pulverized root segments to study 
endodontic microbiota may offer advantages over the paper point technique; (30,31) 
however, this procedure necessitates tooth extraction and unless prosthodontic or 
orthodontic reasons warrant the latter, it is not suitable for the study of teeth that either have 
favorable prognosis or that could be retained after endodontic treatment.
In our study, Bacteroidetes was the most abundant phylum without significant differences 
between the two infection groups. In primary infections, Bacteroidetes and Firmicutes were 
found in equal abundance whereas Bacteroidetes were more abundant in persistent 
infections. These results are in agreement with results of other pyrosequencing studies 
performed in the US and Korea (7,13,14) but are in contrast with the findings of other 
Brazilian, Dutch and Sudanese studies, which found that the most abundant phyla were 
Firmicutes (10,15) and Proteobacteria (9,11). However, studies which have found 
Proteobacteria as the most abundant phylum used a different sampling methodology since 
they obtained their samples after tooth extraction or apical surgery. It is also likely that a 
possible geographic-related bacterial pattern may play a role for the observed differences. In 
the present study, Proteobacteria were found in lower abundance compared with results of 
earlier studies (9,11,12). However, our analysis revealed significant differences in the 
abundance of Proteobacteria and Tenericutes between persistent and primary infections. 
Root canals with persistent infections harbored significantly more Proteobacteria and 
Tenericutes than primarily infected canals. This is in contrast to a previous report (14) and, 
to the best of our knowledge, a novel finding based on pyrosequencing analyses. In addition, 
a tendency was detected for more Fusobacteria in persistent infections and more 
Synergistetes in primary infections. These differences however, were not statistically 
significant.
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Our findings, especially from GG database, among the examined group of Greek patients 
coupled with previously reported evidence from pyrosequencing (7,9–15) and molecular 
broad-range studies (19,32,33) suggest a high bacterial diversity of endodontic infections. 
Also, our finding of higher bacterial diversity among persistent versus primary endodontic 
infections is a novel one, demonstrating that persistent endodontic infections are 
polymicrobial infections and not caused by a single or few pathogens. Because this finding 
could be a reflection of the poor quality previous endodontic treatments, these results require 
further validation and replication in future studies, among larger and more diverse patient 
populations.
Our results also showed that primary symptomatic infections tended to be more diverse than 
primary asymptomatic infections; in contrast persistent symptomatic infections were less 
diverse than persistent asymptomatic ones. Regarding primary infections, our results are 
compatible with the results of a previous similar study which has reported significant 
differences between asymptomatic and symptomatic cases (10). With regard to persistent 
infections, our results are consistent with findings of a recent pyrosequencing study of 
asymptomatic and symptomatic persistent infections where similar diversity was found, 
albeit it was not statistically significant except for Proteobacteria (15). Several plausible 
mechanistic explanations for the observed differences in diversity between symptom groups 
within infection type groups exist, including presence of keystone pathogens, virulent clonal 
types, bacterial interactions (34), and clinical/environmental conditions (i.e., restoration 
quality). It is also possible that symptoms are not linked to bacterial diversity. While no 
definitive answer is possible with current knowledge, this is an important area for future 
studies. The complex interplay between clinical/environmental conditions and the 
endodontic microbiome may be the key to understand the transition from asymptomatic to 
symptomatic states, and vice versa.
In the present study, Dialister, Erysipelotrichaceae_G1 and Peptostreptococcaceae_X1G4 
were found in symptomatic persistent infections in a statistically higher relative abundance 
in relation to the asymptomatic state. The latter two genera are as-yet uncultivated 
phylotypes. With regard to persistent infections, it is well-known that environmental 
conditions are adversely modified for microbes in root canal-treated teeth. Under these 
conditions (pH change, substrate availability and nutritional supply, bacterial resistance), it 
can be argued that some resistant and fast-growing microorganisms proliferate in 
symptomatic infections against others which are slow-growing or their growth is inhibited 
by metabolic byproducts of faster-growing microorganisms, thereby decreasing the relative 
diversity related to the presence or absence of taxa.
At the genus level, Bacteroidaceae_unclassified, Prevotella, Parvimonas, Atopobium and 
Porphyromonas, were all found in relatively high abundance both in primary and persistent 
infections, in agreement with previous studies (7,10–15). Pyramidobacter was found in high 
abundance only in primary infections whereas Fusobacterium, Tannerella, and 
Lactobacillus were detected in high abundance in persistent infections which are consistent 
with the findings of previous similar studies (9,14,15). The difference for Lactobacillus was 
statistically significant. The above findings for Fusobacterium possibly suggest that its role 
on the development, maintenance and relapse of periapical disease may have been 
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underestimated. Interestingly also, the abundance of Tannerella was relatively higher in 
persistent compared to primary infections. This is a notable finding, considering that 
Tannerella is a Gram (−) obligate anaerobe which has been associated with symptomatic 
cases of primary infections (35). Enterococcus which has been found to be the most 
frequently isolated microorganism in root-filled teeth with periapical lesions was detected in 
a notably low abundance. This finding is in agreement with the results of previous studies 
using pyrosequencing and gene clone library analysis (14,15,32,33) suggesting probably a 
previous overestimation of its role in treatment failure.
In conclusion, the present pyrosequencing study offers a novel, detailed characterization of 
the endodontic microbiome both in primary and persistent infections. These results suggest a 
high bacterial diversity of endodontic infections and a more diverse bacterial community 
profile in persistent versus primary infections. Using the GG database, a substantial number 
of microorganisms was not possible to be taxonomically classified and may be associated 
with the development of apical periodontitis. Further endodontic microbiome studies are 
warranted to identify and characterize these microorganisms.
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Rarefaction curves illustrating the number of observed species-level OTUs and 95% 
confidence limits according to database and sampling depth. Panel A: Human Oral 
Microbiome Database (HOMD) and panel B: Greengenes database
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Abundance of observed phyla with relative abundance of ≥0.5% in the entire sample (panel 
A) and according to endodontic infection type (panel B)
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Abundance of most abundant observed genera (≥1%) among the entire sample (panel A) and 
according to endodontic infection type (panel B)
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Measures of bacterial diversity (Phylogenetic Diversity index, top panel; Shannon index, 
bottom panel) according to endodontic infection type and presence of symptoms
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TABLE 3
Abundance of selected(abundant at >0.4%and those with statistically significant differences) genera(of 109 
identified) in the entire sample, and by endodontic infection type.
Genera
Entire
sample Primary Infections Persistent Infections P*
Bacteroidaceae_G1 0.126 0.151 0.101 0.5
Prevotella 0.091 0.087 0.094 0.9
Parvimonas 0.082 0.091 0.072 0.3
Actinobacteria 0.081 0.086 0.076 0.7
Fusobacterium 0.073 0.036 0.110 0.08
Pyramidobacter 0.065 0.105 0.024 0.2
Atopobium 0.060 0.068 0.052 0.9
Porphyromonas 0.048 0.043 0.052 0.8
Tannerella 0.040 0.018 0.062 0.3
Eubacterium_XIG6 0.031 0.051 0.010 0.6
Pseudoramibacter 0.030 0.045 0.015 0.3
Lactobacillus 0.029 0.006 0.052 0.005
Dialister 0.022 0.028 0.016 0.8
Streptococcus 0.021 0.006 0.037 0.003
Bacteroidetes_G3 0.019 0.002 0.036 0.4
Treponema 0.019 0.012 0.025 0.1
Sphingomonas 0.016 0.007 0.024 0.002
Alloprevotella 0.016 0.020 0.012 0.01
Bacteroides 0.014 0.026 0.002 0.9
Eubacterium_XIG1 0.014 0.015 0.013 0.7
Moryella 0.012 0.023 <0.0005 0.002
Erysipelotrichaceae_G1 0.011 0.009 0.013 0.4
Enterococcus 0.010 0.008 0.013 0.1
Filifactor 0.010 0.015 0.004 0.9
Oribacterium 0.009 0.013 0.005 0.5
Fretibacterium 0.008 0.005 0.011 0.8
Olsenella 0.008 0.012 0.003 0.3
Solobacterium 0.008 0.008 0.008 0.2
Veillonella 0.007 0.008 0.007 0.3
Ralstonia 0.007 0.001 0.013 0.001
Rothia 0.005 <0.0005 0.009 0.2
Mycoplasma 0.005 <0.0005 0.010 0.03
Xanthomonadaceae>Other 0.005 0.011 <0.0005 0.4
Neisseria 0.004 0.003 0.005 0.1
Propionibacterium 0.004 0.002 0.007 0.08
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Genera
Entire
sample Primary Infections Persistent Infections P*
Caulobacter 0.004 0.001 0.007 0.004
Peptostreptococcaceae_XIG1 0.004 0.004 0.003 0.6
Afipia 0.003 0.002 0.004 0.05
Pasteurellaceae>Other 0.0005 <0.0005 0.001 0.04
Finegoldia <0.0005 0 .0001 0.02
Catonella <0.0005 <0.0005 0.0006 0.02
Enterobacter <0.0005 <0.0005 0.0005 0.03
Campylobacter <0.0005 <0.0005 0.001 0.05
Unassigned 0.002 0.002 0.002 0.9
*
derived from Wilcoxon rank-sum tests
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